The aim of this study was to investigate the role of TNF genetic variants and the combined effect between TNF gene and cigarette smoking in the development of gastric cancer in the Korean population.
Background
Gastric cancer is a multi-factorial disease that requires the study of environmental, genetics, and host-related factors in order to understand its pathology. The strongest risk factor for gastric cancer is Helicobacter pylori (H. pylori) which is labeled a group I human gastric cancer carcinogen by the International Agency for Research on Cancer [1] . However, a high prevalence of H. pylori infection does not always result in a high incidence of gastric cancer. Only a small portion of H. pylori infected persons have gastric cancer, thereby suggesting that other susceptible factors such as genetic variants or environmental differences must additionally be involved in gastric carcinogenesis.
Genetic variants of inflammation-related cytokines are a potential risk factor because H. pylori infection induces chronic inflammation in gastric mucosa which is a critical step in gastric carcinogenesis. One of the major cytokines associated with H. pylori infection is the tumor necrosis factor (TNF) expressed by TNF-α and TNF-β genes [2] [3] [4] [5] [6] . Many studies have extensively investigated the association between TNF and gastric cancer [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Although studies have reported TNF can modify the risk of gastric cancer [5, [8] [9] [10] [11] , the exact role of TNF as a gastric carcinogen is still controversial.
In terms of environmental factors, cigarette smoking has been suggested to play a crucial role in increasing the risk of gastric cancer. Previous epidemiologic studies indicated that cigarette smoking was an independent risk factor for gastric cancer development [16] [17] [18] [19] [20] [21] . Moreover, cigarette smoking may promote gastric cancer development by activating systemic inflammation [22] . Hamajima et al. proposed that cigarette smoking and cytokines such as TNF-α and Interleukin-1B may change normal mucosa to H. pylori infected mucosa that may be a first step towards gastric carcinogenesis [22] .
Genetic variants of TNF cytokines and cigarette smoking may play a role in gastric carcinogenesis. They seem to play independent or synergetic roles in gastric cancer but the mechanism is still unclear. Thus, we hypothesized that genetic variants of TNF underlies the association with gastric cancer risk and/or their combined effect with cigarette smoking may modify the risk of gastric cancer. The aim of this study was to assess the role of TNF gene variants and the combined effect between TNF genes and cigarette smoking in the development of gastric cancer in the Korean population.
Methods

Study population and data collection
In this population-based nested case-control study, we selected subjects from the Korean Multi-Center Cancer Cohort (KMCC), a prospective cohort of participants (N = 19,688) recruited from four urban and rural areas in Korea (Haman, Chungju, Uljin, and Youngil) [23] . The participants signed a consent form and completed a detailed standardized interview-based questionnaire on general lifestyle, diet, medical history, and other environmental factors, and blood and spot urine samples were collected and stored at -70°C and -20°C, respectively. All information was from baseline survey questionnaires that were collected before gastric cancer diagnosis. Cancer ascertainment was identified by passive surveillance through record linkages to the national cancer registry, the national death certificate, and the health insurance medical records databases [23] . A total of 136 gastric cancer cases were ascertained in December 2002. Of the 136 cases, 36 cases diagnosed before recruitment and 16 cases that lacked DNA for genotyping were excluded. Eligible non-cancer controls were randomly selected from the KMCC population. Four controls were matched to each gastric cancer case by four variables that were age (± 5 years), sex, residential district, and enrollment year. Finally, 84 gastric cancer cases and 336 controls were included in this study.
Genotyping TNF-α gene was genotyped for five single nucleotide polymorphisms (SNPs) that were -238 G/A(rs361525), -308 G/A(rs1800629), -857 C/T(rs1799724), -863 C/ A(rs1800630), and -1031 T/C(rs1799964). These five polymorphisms were located in the promoter region of TNFα gene. The TNF-β gene that is synonymous with Lymphotoxin-α (LTA) was genotyped for 252 A/G (rs909253) SNP. Genotyping was performed using SNaPshot method. Ten samples were randomly selected and genotyped for each SNP to check for reliability. All assays were 100% concordant. More than 95% of the total subjects were successfully genotyped for all SNPs.
H. pylori serum assays
Serum was evaluated to identify IgG antibodies specific for H. pylori and seropositivity of CagA/VacA by Helico Blot 2.1™ (MP Biomedicals Asia Pacific, Singapore) according to the manufacturer's protocol. [24, 25] . The sensitivity and specificity for detecting seropositivity of H. pylori, CagA and VacA of Helico Blot 2.1™ were very high (for sensitivity, 99%, 99% and 93%, respectively; for specificity, 98%, 90% and 88%, respectively) [26] .
Statistical analysis
Unconditional logistic regression model was used to calculate the odds ratios (ORs) and 95% confidence intervals (95% CIs) of selected characteristics such as follow time (years), H. pylori seropositivity, alcohol consumption, and cigarette smoking status for gastric cancer risk. To evaluate significant covariates, we reviewed the literature and con-ducted logistic regression analysis; smoking status, H. pylori infection, and CagA seropositivity were selected. Because of the significant association between age/sex and smoking status, we also included age and sex as major covariates. In the analysis, all five covariates were selected adjusted variables, and smoking status was also selected as a stratified variable.
The Hardy-Weinberg equilibrium assessed allele frequencies using the chi-square test. Both single SNPs and haplotype analysis were performed. To detect each SNP effect for gastric cancer, three genetic models, dominant, codominant and additive model, were used. Tests for significance were computed after adjusting for age, sex, smoking status, H. pylori infection, and CagA seropositivity. Also, in order to correct for multiple comparisons, false discovery rate (FDR) that controls the expected proportion of incorrectly rejected null hypotheses (type I errors) was computed [27] .
To evaluate putative haplotype blocks, linkage disequilibrium (LD) between loci expressing genetic variation was analyzed using Haploview 4.0. Moreover, pairwise Lewontin's D' and r 2 values were calculated with 95% CIs when the genotype frequencies were in Hardy-Weinberg equilibrium [28] . Three haplotype blocks were generated which included the following: 1) only three TNF-α SNPs -857, -863, and -1031; 2) three TNF-α SNPs in block 1 and TNF-β 252; and 3) all six SNPs on TNF-α and TNF-β were generated by the Haploview software using the method suggested by Gabriel et al [29] (Additional file 1).
Based on haplotype analysis, each individual haplotypepair was estimated with haplotype frequencies greater than 5%. We stratified according to smoking status to assess the combined effect of the TNF gene and smoking for gastric cancer. To evaluate the association between risk for gastric cancer and TNF haplotype-pairs effects, unconditional logistic regression model was used to calculate the ORs and 95% CIs with adjustment for age, sex, H. pylori infection and CagA seropositivity.
Multi dimensionality reduction (MDR) analyses were performed to explore the potential TNF gene-gene interactions. MDR is a non-parametric data mining approach for detecting a potential gene-gene or gene-environment interaction and providing selective models of high-order combination of genes [30, 31] . MDR methodology is described in detail elsewhere [30] [31] [32] . TNF gene-gene interaction was evaluated using a naïve Bayes classifier in the context of a 10-fold cross-validation to estimate the test accuracy (TA) of the best 1-, 2-, 3-, and 4-factor models (Additional file 2). The best single interaction model was selected by maximized TA, lowest prediction error or higher cross-validation consistency (CVC). Significance was evaluated using a sign test and was determined at the 0.05 level. Finally, we conducted logistic regression to assess the association between genotype combinations suggested by MDR and gastric cancer with the MDR ORs and 95% CIs. According to stratification by smoking status, MDR ORs were also calculated after adjusting for age, sex, H. pylori infection and CagA seropositivity. All statistical analyses using logistic regression models were performed with SAS version 9.1 and MDR analyses were implemented using MDR software version 11.0 (available at http://www.epistasis.org).
IRB approval
The study protocols for the KMCC study and the present nested case-control study were approved by the institutional review boards of Seoul National University Hospital and the National Cancer Center of Korea (H-0110-084-002, and C-0603-161-170, respectively). Table 1 presents the odds ratios and 95% CIs of the selected characteristics for gastric cancer risk. There was no significant difference between cases and controls according to age, gender, median follow up period (FU years), education level, H. pylori infection, CagA/VacA seropositivity, and alcohol consumption. All smoking related factors were associated with an increased risk for gastric cancer. Current smokers had a significantly higher risk for gastric cancer compared to never smokers (OR = 1.8, 95% CI 1.0-3.2). Moreover, a dose-response relationship between smoking intensity and gastric cancer risk was found. Smoking more cigarettes per day in addition to longer smoking duration showed a significantly higher risk compared to never smokers (OR = 3.9, 95% CI 1.4-10.7 for more than 20 cigarettes per day; OR = 1.9, 95% CI 1.1-3.5 for more than 20 years). 41 or more pack-years of smoking was related to a statistically increased risk for gastric cancer (OR = 2.3, 95% CI 1.1-4.9). Table 2 shows the distribution of TNF polymorphisms among cases and controls and the ORs (95% CIs) for gastric cancer risk in relation to TNF genetic polymorphisms. All genotype frequencies of each SNP did not deviate from the Hardy-Weinberg equilibrium (p > 0.1). In single SNPs analysis, TNF-α-857 C/T containing the T allele was significantly associated with an increased risk of gastric cancer. CT genotype of TNF-α-857 showed a 1.7 fold increased risk for gastric cancer in the co-dominant and dominant models that were statistically significant (95% CI 1.0-2.8, identically in both models). However the TT genotype of TNF-α-857 showed an insignificantly increased risk in the co-dominant model (OR = 1.7, 95% CI 0.3-9.2). In the additive model which showed a linear trend effect, the CT genotype of TNF-α-857 showed a 1.6 fold increased risk for gastric cancer (95% CI 1.0-2.5) and the TT genotype Table 3 shows the association between haplotype-pairs of TNF gene and gastric cancer risk according to smoking status. In block 1 that is composed of TNF-α-1031 T/C, TNFα-863 C/A and TNF-α-857 C/T (D' = 1.0 and r 2 = 0.037), compared to TCC-TCC without a variant allele, TCC-TCT showed a significantly increased risk for gastric cancer among total subject and smokers (OR = 2.1, 95% CI 1.1-3.9; OR = 2.6, 95% CI 1.2-5.8; respectively) but was not associated with gastric cancer risk among non-smokers (OR = 1.5, 95% CI 0.5-4.0). TCC-CCC was associated with an increased risk only among smokers (OR = 2.9, 95% CI 1.0-8.9). Similar results were represented in block 2 that is composed of the three TNF-α SNPs in block 1 and TNF-β 252 A/G (D' = 1.0 and r 2 = 0.184), and block 3 that is composed of all six TNF SNPs (D' = 1.0 and r 2 = 0.068).
Results
Compared to the most frequent haplotype-pairs GTCC-GTCC in block 2, ATCT-XXXX or ACCC-XXXX that contained TCT or CCC of TNF-α-1031 T/C, TNF-α-863 C/A and TNF-α-857 C/T showed a significantly higher risk among smokers but not among non-smokers (OR = 2.5, 95% CI 1.0-6.8 for ATCT haplotype-pairs; OR = 4.1, 95% CI 1. Regardless of smoking status, TNF-α-857 C/T was included in the first list of SNPs with a significant main effect. TNF-α-857 model among total subjects had TA of 0.554 and CVC of 9/10 but was not significant at the level of 0.0799. Similar results were shown among non-smokers and smokers. Among non-smokers, the model included only TNF-α-857 and had a maximum CVC of 9/ (28) c. Excluded mutant genotype (AA genotype) frequency less than 1% or totally 0%.
10 and a higher prediction for gastric cancer risk of (OR = 1.7, 95% CI 1.0-2.7) though showing minimum TA of 0.603 (p = 0.0636). In contrast, although the model included TNF-β 252 A/G, TNF-α-1031 T/C, TNF-α-857 C/ T, and TNF-α-308 G/A had a higher CVC of 8/10 and maximum TA of 0.697 (p = 0.0009), it had a lower predictability for gastric cancer risk since the adjusted global OR by this model was not significant (OR = 1.2, 95% CI 0.7-2.0). The best model of smokers was selected with TNF-α-1031 T/C, TNF-α-863 C/A and TNF-α-857 C/T. This model had a maximum CVC of 10/10, TA of 0.615 (p = 0.0023) and adjusted global OR of 2.0 (95% CI 1.2-3.3 ).
Although the model included TNF-α-1031 T/C, TNF-α-863 C/A, TNF-α-857 C/T, and TNF-α-308 G/A had maximum TA with the lowest p value, its CVC was relatively low (7/10).
Discussion
In our study, TNF-α-857 C/T genetic variant containing the T allele was associated with a significantly increased risk for gastric cancer. SNP-SNP interaction in the TNF gene including TNF-α-857 C/T or TNF-α-1031 T/C genetic variant was associated with a risk for gastric cancer among smokers but not among non-smokers. Moreover this effect of the TNF-α-857 C/T genetic variant was ascertained in both haplotype and MDR analysis.
Previous studies reported that TNF gene polymorphisms modified the risk of gastric cancer [5, [8] [9] [10] [11] , while others did not find a significant association [6, 7, [12] [13] [14] [15] . This inconsistency may be due to the small number of cases, differences in ethnic populations and SNP selection. Two recent meta-analyses assessed the association between TNF-α polymorphisms and risk of gastric cancer [33, 34] . According to these papers, TNF-α-308 polymorphism had a significantly increased risk for gastric cancer but TNF-α-857 polymorphism only showed a marginally significant risk due to the small number of studies. In contrast to the meta-analysis, our results indicated that TNF-α-857 polymorphism was associated with a significantly increased risk for gastric cancer but other SNPs including TNF-α-308 did not show a significant association. Our findings about .1 (1.1-3 the single SNP effect of TNF-α-857 polymorphism can help clarify results of the previous meta-analyses. Inconsistency in TNF-α-308 polymorphism may be due to an ethnic difference since TNF-α-308 AA polymorphism is rare in the East Asian population. Also, we were not able to clearly evaluate TNF-α-308 AA polymorphism and gastric cancer because none of our gastric cancer cases had the TNF-α-308 AA polymorphism.
In haplotype-pairs and MDR analysis, we observed a genetic combined effect among TNF SNPs. Individual haplotype-pairs including TNF-α-1031, -863 and -857 were consistently associated with a significantly increased risk of gastric cancer. Compared to the single SNP effect of the TNF-α-857 polymorphism, a greater odds ratio for haplotype-pairs including TNF-α-857 indicated that a synergistic interaction among TNF SNPs was more strongly associated with gastric cancer development.
These results were nearly replicated in the MDR analysis.
Our consistent findings from the different statistical methodologies are quite meaningful.
TNF cytokine may interact with cigarette smoking to promote gastric cancer development. Biologically, cigarette smoking can activate systemic inflammations [35] and augment the level of TNF-α through changes in inflammatory markers or cytokine level in animal models [36] [37] [38] . Although these findings have not been fully reproduced in humans, several papers suggest an indirect connection between cigarette smoking and TNF gene in the etiology of gastric cancer [39] [40] [41] [42] . Some studies reported that circulating concentrations of TNF-α were increased and higher TNF-α level was associated with such diseases in smokers compared to non-smokers [39] [40] [41] [42] . In one of these studies, higher TNF-α levels were presented among smokers, especially subjects with the 857 T allele and rare haplotype of the TNF-α promoter [39] . Similar to our findings, the study concluded that TNF-α-857 polymorphism was especially susceptible to the hazards of smok- .8 (1.1-3.0 ing and the TNF cytokine was strongly affected by cigarette smoking.
The combined effect between smoking and TNF gene was definitely expressed in our haplotype-pairs and MDR analysis. Haplotype-pairs formed with TNF-α-1031, -863 and -857 were associated with a significantly greater increased risk for gastric cancer only among smokers but not among non-smokers. Both single SNP and haplotypepair effect of TNF-α-857 T allele were related with an increased risk among smokers. Haplotype-pairs including TNF-α-1031 and -863 genetic variation that did not show significance for single SNP effect were also associated with a significantly increased risk of gastric cancer among smokers only. In contrast to TNF-α-857, TNF-α-1031 and -863 may interact mutually based on haplotype specificity and not allele specificity, and this effect may be strongly affected by smoking. If only allele specificity by high-producing or mutant alleles plays a role as risk factors for gastric cancer, haplotype-pairs composed of a greater number of high-producing or mutant alleles may have an even greater risk. Based on this hypothesis, CAT haplotype should be the most powerful risk factor for gastric cancer development and CAC haplotype composed of two highproducing alleles should show a greater risk than CCC or TCT haplotype that includes only one high-producing allele. However, we were not able to fully test this hypothesis because only four haplotypes, TCC, TCT, CCC and CAC, were observed in our population. Considering our results, independent allele specificity of TNF-α-857 T and mutual haplotype specificity of TNF-α-1031 and -863 may be more important risk factors rather than the total number of high-producing alleles, especially for smokers. Moreover, these results were reproduced in all haploblocks regardless of different SNP combinations and were nearly replicated in the MDR analysis. This supports our conclusion that the interaction between the TNF gene and smoking may play a crucial role in the etiology of gastric cancer.
Although, to our knowledge, this is the first study to report an interaction between the TNF gene and cigarette smoking on gastric cancer development, our study had several limitations. First, because of a small number of gastric cancer cases and small sample size, we did not have sufficient statistical power and were not able to stratify on different factors. Second, although we had information on cardiac or non-cardiac cancer of gastric cancer cases, because of our small number of cases, we were not able to observe a difference for gastric cancer risk according to cancer type. Moreover, we did not collect information on cancer histology. Finally, a part of SNPs which is related to signal pathway (NF-κB) from H. pylori to cytokine gene expression were genotyped. Other cytokines, such as interleukins and GM-CSF, which are involved in NF-κB path-way, were not considered for analysis so we examined only a small portion of signal pathway for gastric carcinogenesis.
In spite of these limitations, our study had several strengths. This is a population-based, nested case-control study that is free of biases that are common in retrospective studies. Additionally, we matched cases and controls according to basic confounders, such as age and sex, and significant confounding factors selected in the full model. Furthermore, we used various approaches to detect the potential association between genetic and environmental factors on gastric cancer, and derived consistent results through different approaches. Finally, the minor allele frequencies (MAFs) of all cytokine genes analyzed in our study showed very similar results in the Korean, Chinese, and Japanese Hapmap projects [43, 44] and thus, our results are applicable to most East-Asian populations. On the basis of this study results, we will be able to make more conclusive evidence in future studies.
